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@) Projection apparatus far Immersed exposure. 

(§7) A projection exposure apparatus includes an 
illumination system (3) for Illuminating a pattern 
of an original (1), a holder (12) for holding a 
substrate (2), a projection optical system -(4,7) 
for projecting en image of the pattern of the 
original onto the substrate held by the holding 
means, the projection optical system including 
a plane optical element (7) spaced from the 
main pan (4) -of the projection optical system 
and being disposed to be opposed to the sur- 
face of the substrate, and a casing (9) effective 
to fill the interspace between the optical ele- 
ment and the subsirate opposed to each other, 
wherein the optical element provides an upper 
cover of the casing. 
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FIELD OF THE INVENTION AND RELATED ART 

This invention .relates to a semiconductor device . 
manufacturing apparatus and, more particularly* to 
an Immersion type projection exposure apparatus for * 
lithographically printing a fine circuit pattern on a sub- 
strate, such as a wafer, during semiconductor manu- 
facturing processes. • 

With miniaiurfeatlon of each semiconductor de- 
vice, the wavelength of used exposure light has been 
changed from g-JIne of a high pressure Hg lamp. to i- 
line ofehorter wavelength. The numerical aperture 
(NA);of a projection lens has to be made .larger to ■ 
meet the requirement of a high resolution, and the 
depth of focus becomes smaller, As.is well known^the * 
relationship can be represented by .the following, 
equation:.-. 

. . Resolution c ki (MNA) 
•.. Depth of Focus = ti^X/HA 2 . . . ■ 
where X is the wavelength of (he lighUource used for 
the exposure process, NA Is the. numerical aperture 
of the projection lens, and k, end k 2 Bre coefficients 
related to the process. * » 

RecentJy. use of excimer (KrF.or ArF) light having 
a wavelength, shorter than g-line or Wine ofconverv ' 
tional high pressure Hg lamps, or use of X-ray lithog- 
raphy or electron beam (EB) direct pattern drawing 
has been proposed. Qn.the other hand, use of. a 
phase .shift-mask or modification of illumination has 
been .proposed, for enhancement of resolution and 
depth. . 

As a known .method -of Increasing the resolution 
of an optical microscope, there is a method (called 
"immersion method") in., which the interspace be- 
tween an objactiva.lens and a sample is filled with a 
liquid of high refractive Index (e.g. n Appl, Phys. Lett" 
44652(1984), by D.W. Phohl. W. Denk & M. : ,Lanz). 
The applicability of this method to transfer of fine. Cir- 
cuit pattern of .a semiconductor, devjce is discussed In 
"Microelectronic Englneerin9 rt .9(l989)> by H. Kawata, 
J.M. Garter, A, Yen and H.I. Smith, or in U.S. Patent 
No. S,.121,256 (T.R. ,Corle and G.S. Kino), June 9, 
1992» . Further, European Patent Application 
EP0.023.231A1 (Tabafelli, Werner W.,Dr.) discloses 
a method jn which a casing for Immersion Is placed 
on a stage mpvablB in X Y and 2 directions and in 
which a wafer, a wafer chuck end a liquid are accom- 
modated in the casing, the exposure operation being 
done while moving the.caeing. 

SUMMARY OF THE INVENTION 

However, use of an excimer laser, X-rays or elec- ■ 
iron beam leads to increased cost of the structure. 
Use of a phase shift mask or modified Illumination in- 
volves a problem of ineffectiveness, depending on a 
circuit pattern used. 

The paper by D:W, Pohl etal discusses the effect 



of I miner slon In exposure operation, but I hey do not 
mention to the structure as a practical semiconductor 
exposure apparatus. Also, aforementioned U.S. Pa- 
tent 5,121 ,256 mentions only to a method wherein en 
5 immersed lens is disposed close to t he wafer surface. 
According tp the method disclosed in aforemen- 
tioned European Patent Application 0,023,231, the 
weight of- the moving components becomes large, 
and it results In decreased throughput (productivity)/ 
10 Although* this European Patent. Application further 
teaches connecting liquidcirculat ion. pipes to the cas- 
ing for temperature control of [he liquid, since. the cas- 
ing has to be moved, even use of. -a flexible material 
as the pipe materia) will adversely affect the stage 
is positioning precision, particularly In consideration of 
currept. minialurizat ion qf .each, semiconductor de- 
vice- ; ; • . ' . - - • ' , • ; .' * 
•ltls,accordinglyao object of the present Invention 
to provide an Improved exposure .apparatus low cost 
20 and high productivity, by which trie effectiveness of 
. a used exposure light sourpe.(such as online, Mine or 
excimer; laser, for example) is assured regardless, of 
the wavelength of the used light source. . 

In accordance with an: aspect pf the present in- 
25 vention, to achieve the aboyepbject, there is provid- 
ed a projection exposure apparatus, comprising: illu- 
mjnation means for .illuminating a pattern pf an orig- 
inal; holding means for.holdlhg,a substrate;- a project 
tion optical system foe project Ingan Image of the pat- 
3D tern of the original onto the. substrate .held by the 
holding means, the ; projection optical system includ- 
ing a plane optical element spaced form l he projec- 
tion optical system ap. 0 " being disposed to be opposed 
.to the.surface of the substrate; and a casing effective 
as to fill .the interspace between the optical element and 
the substrate opposed to each other; wherein .the 
opticarelement provides an upper cover of the cas- 
ing. 

In e preferred form, the apparatus may further 

40 comprise an alignment measuring; system. for detect- < 
ing the positional relationship between the substrate 
and the image projected. by. l.he projection opllcel sys- 
tem with respect to a horizontal direction, a focus pos- 
ition delecting. system for detecting the positional re- 

45 lationship between the substrate and the focus pos- 
ition of the projection optical system with respect to 
a vertical direction, and tilt means for moving and/or 
tilting the holding maansin )L Y and/or 8 direction on 
the basis of the detection through the alignment 

so measuring system endthe focus position detecting 
system so as to bring a pattern on .the substrate into 
coincidence with the projected image. The apparatus 
may further comprise conveying means "for loading 
and unloading the casing onto and from the holding 

56 means, and means for executing the filling of the in- 
terspace with the liquid, upon the holding means or 
at apposition spaced from the holding means. 

The substrate may provide a bottom of the cas- 
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jng. or the holding means may Include a portion for di- 
rectly supporting th'e substrate which portion Is sepa- 
rated from the holding means, and wherein the por- 
tion provides a bbt torn of 1 he casing while the remain- 
ing portion of the holding means holds the casing. In 
any case, the substrale is made detachable'! rom the 
casing. 

The casing may be arranged to provide one of a 
positive" pressure and a:negalive.pressure:ln the in- 
terspace! -A portion of the casing may be made of a 
low thermal expansion materials A portion of the outer 
wall of the casing-may be covered by a heat insulating 
material. The' alignment measuring- system may in- 
clude a measurement reference mirror wherein at 
least two adjoining faces of the outer wall of the cas- 
ing may extend* perpendicularly -to each "other, and 
wherein the at least two faces may extend substan- 
tially 1&$rpendlcuiarfy 16 the surface* ofthe substrate 
wh ereby i he reference- mirror may be provided by the 
at least' two faces. 

"The optica)' element may- be made -detachable 
f nonrthe casing. The casirtg may Include" pipe means 
with a valve, for injection and discharging of the liquid 
into and outofth'e closed space. The casing may have 
a reference'marK to he-used for placingthe sante on 
the holding means.' " ' • • 

In relation' to the liquid injected, the apparatus 
may comprise a pressure gauge for detecting the 
pressure of the filling I iqufd, pressure control means 
for contrbllinfl the pressure of the filling liquid, a va- 
cuum puhnp'for^dvldlng.. a" negative pressure of the 
filling liquid, a thermometer for measuring the tem- 
perature ot> the filling" liquid.' temperature 'controlling 
means for controlling the temperature of the filling liq- 
uid, ultrasonic vibration means for vibrating the filling 
liquid with ultrasonics", a pump for injecting' and dis- 
charging the liquid into and out of the closed 6pace, 
filtering means coupled to the pump, for filtering the 
liqufd t and attitude control means for tilting or holding 
the casing upright, wherein during injection of the liq- 
uid Into the closed space the casing may be tilted or 
held upright so that the liquid is Injected thereinto 
from below.' 

The injection ofthe liquid Into the : do'sed. space 
and the exposure operation may be done at indepen- 
dent timings. The casing may ba made openable and 
dosable so as to' allow loading and unloading of the 
substrate into and out of the inside of the casing. The 
holding means may included passageway for holding 
the substrate through veduum attraction, and an 
openable/closable shutter for preventing flow" of the 
liquid into the passageway. Measuring means may be 
provided .In the casing, for" measuring* any non-unl- 
formness of illuminance during the exposure opera- 
tion* Further, the apparatus may be provided with 
means for providing at Feast one of electric connec- 
tion, pneumatic communication and vacuum commu- 
nfcat ib n to the casing. 



In one aspect of the present invention; e portion 
of an objective lens constituting a projection optical 
system is provided on a side of a>casihg f I lied with liq- 
uid, and an original is moved together with this casing 

5 to an exposure station. 

Alternatively, the conveyance • of such "casing and 
conveyance of a substrate as well as the filling of liq- 
uid may be executed at the exposure station. This 
needs a small modification of a -projection exposure 

to apparatus icurrently-' developed as a ^producing ma- 
chine.-' ■ * 

With the structure described above, the present 
Invention utilizes the effect of Immersion. Here* the 
term "effect of immersion* means tttat,\lf X 0 denotes 

15 the wavelength. of exposure light in the-ah; n denotes 
the refractive index of liquid 23 with respect to the air. 
to be used for the immersion (see Figure 10), and a 
denotes the convergence half angle of the light and 
If MAo s sina, the resolutibrfand the depth of focus do* 

20 s cribe d hereinb ef ore are re presented as f bl lows: 
•»•■ 'Resolution'* =s MVn^NAo - - 
• ' • fcfepthofFodus * ik^^nj/fNAb) 2 ' 
Namely, the effect of immersion Is equivalent to 
use of an exposure wavelength'of 1/n. In other words, 

26 if a projection optical system of the same NA Is de- 
signed, the immersion is able to enlarge iHe depth of 
focus n times. This Is effective to ahy pattern, and It - 
can be used in- combination frith* -the phase shift 
•method or. the mod mad illumination met hod. In-order 

30 - to assure this effect It Is necessary to control thepur- 
lty, homogeneity or temperature of the liquid precise- 
ly. In an exposure apparatus.oflhetype Inwhich a 
"wafer is sequentially exposed -through slep-and- 
repeal motion.'ltls Irhportant to-miriimize»flbw of vl- 

36 bration of the liQuid during I he exposure* operation 
and to remove bubbles" procured duringlmmersion of 
a wafer in I he liquid and remaining on the. wafer sur- 
face. - ..... . .. 

In the present Invention. 8S will be explained with 

40 reference -to some embodiments; a specific arrange- 
ment Is used 'to solve these problems. Thus, wilh the 
present invention; an Immersion type exposure appa- 
' ratue-which assures the -effect of Immersion suff i- 
ciently'le provided. The present invention will enable 

46 ■ use of a conventional stepper type exposure appara- 
tus havirig;an cxcrmer laser light source or a conven- 
tional (established) manufacturing process/for man- 
ufacture r>f DRAM* of 256 Mbltto 1 GbIL Further, th'e 
present invent lc-' •-■'•I I effectively solve I ho problem of 

50 contamination q: a wafer, and It advantageously en- 
hance the flatness correction of a wafer. 

' These and other objects, features and advantag- 
es of the present Invention will become more appa- 
rent upon a consideratiorvbf the following description 

55 of the preferred embodiments of the presenl inven- 
tion taken in conjunction with the accompanying 
drawings. 
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BRIEF DESCRIPTION Of THE DRAWINGS 

• Figure 1 1s a schematic side view of an Immersion 
type projection exposure apparatus according to a 
first embodiment** ihe present Invention: 

• Figured is a schematic section of a.casselte Im- 
mersing operation device which can be incorporated 
intd thcapparatus of Figure 1. 

•Figure 3*ls a sectional view of enother.type cas- 
sette usable in the apparatus of Figure 1. 

Figure 4 Is a schematic view of conveying means 
used intthe immersing op erarjon device of Figure 2.. 

Figure 5 is a schematic view of the structure for 
post-processing of a' cassette; having been subjected 
to the exposure operation In the apparatus of Figure 
1. ' 

Figure. 6: is a sectional -view .of a casselteicbuck- 
ing portion of an immersion type projection exposure 
apparatus according to, a second embodiment of the 
present invention. . ... 

Figure 7 is. a sectional view of a cassette chuck- 
ing portion of an. immersion type projection exposure - 
apparatus according to a third embodiment of the 
present invention.. . ! 

Figure 8 Is a sectional view of a cassette, chuck- 
ing: portion of an Immersion type projection exposure 
apparatus according to e fourth embodiment Df the 
present Jove ntion. 

Figure 9 is a -schematic view of an arrangement 
for adding an Immersing operation device of a fifth 
embodiment of the present Invention, to an exposure 
apparatus. 

Figure 10 is a schematic view for explaining the 
effect of immersion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

Figure 1 lea schematic sibeview of an immersion 
type projection exposure apparatus according- to a 
first embodiment.of the present'inventjon. In th'6 ap- 
paratus, as Illustrated, each wafer being accommo- 
dated. and immersed in liquid in a cassette before-, 
hand is conveyed for exposure of the same. 

Denoted in. the drawing at 1 1s a reticle, and de- 
noted at .3 Is an illumination optical system having a 
shutterand a light adjusting device, etc. for. project ing 
a circuit pattern of the reticle 1 upon a wafer having 
a. photosensitive material coating. Denoted at 4- is a 
projection optical system for such pattern projection; 
at 5 is a reticle stage for holding and placing the reti- 
cle 1 at a predetermined position; and at 6 is an align- 
ment optical system for providing correct alignment of 
an image of the reticle with a circuit pattern already 
primed on the wafer, Denoted at 7 is a lens of the pro- 
jection optical system 4 which Is disposed opposed to 



the surface' of the wafer (hereinafter It will be called 
as "second optical element")- As -shown In Figure 2, 
the second optical element- 7 comprises aparallel 
plane glass. This Is important In respect to separating 

s . the second optical element 7 fronrthe projection opt- 
ical system 4 *and to. constituting a portion of a cas- 
sette 9 .which Is movable with a; wafer stage. Also, 
making plane the surface of the optical element 7 op- 
posed to the wafer 2 is Important in.the point-of pre- 

10 venting en air layer or bubbles from being left at the 
surface of the second optical element 7 during .im-' 
rnecsing operation. Fur I her,.t he surface of the optical 
element 7 and the surfaceof the photosensitive layer 
of the wafer, to be immersed, may desirably be coat- 

15 ed with a material having eff inityto'the liquid used for 
the immersion. Also, -as shown In. Figure 2, a seal fl 
Is provided between the, second optical element 7, 
the wafer 2 and I he cassette 9 to prevent leakage of. 
Iiquid ; 23:and lo.assyre tlghtnessof-the cassette 9. 

20 Denoted at 1.0 Is .fitcassette stock for storing the 

cassette 9 therejn. Denoted at 11-1 to. 11: 3 ere (conv 
ponents of) a -cassette conveying device and.a cas- 
sette rough- positioning .device, for taking Jhe cas- 
sette 9 opt of theistocK 10-and moving the.same onto 

25' ' the wafer stage; More specifically, reference numeral 
11-1 denotes a cassette conveying flevfoe for convey- 
ing .the cas5ette.£?and reference numeral 1V2 de- 
notes- a- cassette position rough-detection mecha- 
nism (usually called ,^ pre^lig^mentmechanlsm ,, }. Ref- 

30 erence numeral .11.-3 denotes a hand, for feeding the 
cassette.9. penoted.at 12 Is a wafer chuck for holding 
the wafer (mounted on the bottom.Df the cassette .9} 
together with the cassette^Denpled at .13 js an X-Y 
stage for position in g ; f he wafer (in the cassette 9) at 

36 a predetermined position. Denoted at 14 Is a fine- 
.motion- stage having .wafer 8- position.. cor reeling 
funclrpn, a wafer Z-posltlon adjusting function and a 
liltfunctionfqr correcting any tilt of the>wafer. penot- 
• ed el 15 Is.laeer interferpmeter.means for measuring 

40 the position oft he stage. Denoted at 1 6 Is a reference 
mirror which is mounted on the top of the fine-motion 
stage 14 In respect to the X direction (another not 
shown, Is mounted in respect to the Y/directkm), for 
reflecting fight from the laser Interferometer means 

45 15. . ; 

- Mounted around the cassette 9 is a heet Insulat- 
ing material 17 for blocking- heat transfer to the out- 
side so as to keep the temperature. The heat insurat- 
Ing material 17 may be omitted if the cassette 9 itself 

.. so is mada of a materiel. haying a. heat- insulating. effect, 
such as engineering ceramics, for .example. Also, the 
cassette 9 may. be -made Qf a .low thermal expansion 
material such as Celodule or Superinvar (tradename) 
and the reference. mirror 16 of the laser interteromet- 

55 er means 16 may be mounted onthe-sidefece of.it, 
with a result of enhanced measurement precision. 
Further, in that. occasion, even if a foreign partide is 
adhered to the surface of the second optical element 
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/which is mounted on the top of the cassette 9 and 
at a position spaced from the- wafer surface, His not 
easily, transferred to the wafer surface. Thus, the m 
problem of particle adhesion to the wafer surface or 
contamination of the same during the wafer convey* s 
ance, can be solved. This Is very effective to the man- 
ufacture of semiconductor devices of decreasing line- . 
widths. . ■ 

For -exposure :operatlon, : first a cassette -9 in 
which •$ wafer 2 having^ photosensitive material Is 10 
mounted and the Inside of which is-f illed with a liquid . 
23, such asshown in Figure 2, is taken out of the stock 
10 by using the cassette conveying device 11-1. il is 
then placed on the cassette position Tough detection 
mechanism 11-2 and, after preallgnment operation, 16 
the:eaasette 9 is handled by.the hand 11-3 and moved 
onto the wafer chuck 12 of the wafer stage.- Then, its 
position is adjusted and it is held thereat by attrac- 
tion.. Subsequently, like the operation In an ordinary 
wafer exposure apparatus, the fine positioning oper- 20 
atiori to the wafer 2 (alignment operation, focusing 
operation, etcij is done 'and, thereafter, the exposure 
operations done.- Here, there may occur flow motion 
of the liquid 23 with thestep«and*repeat motion, 
since however the spacing between the surfaces of " 25 
the second optical element 7 and the wafer 2 is small, 
such as of an order of a few millimeters to several 
tens millimeters and since the liquid 23 has viscosity, 
such motion bftheliquld 23 in the cassette 9 Is atte- 
nuated In a relatively shot time period; Since the out- SO 
side- peripheral! surface of rhe.cessette 9 is covered 
by a heat insulallrig material, -a constant-temperature 
can.be maintained at least durlnga'period of process- 
ing one wafer. Thus, no lemperaturecohtrol may be 
necessary. After the whole surface of the wafer 2 !s 35 
completed, the cassette 9-plaoed on the wafer chuck 
12 is handled. :by an unloading hand 11-4 and it is 
moved into another cassette stock 10. 

Figure 2 is a schematic section of a cassette Im- 
mersing operation device for mounting e wafer 2 in e 40 
cassette 9 wh'lle a negative pressure is provided with- 
in the cassette 9 and for filling the inside of the cas- 
sette 9 with a liquid 23. Figure 3 Is a sectional view 
which illustrates a case-where a wafer 2 Is mounted 
in a cassette 9 while a positive pressure is provided 4S 
within the cassette. Such device may be Incorporated 
into the projection exposure apparatus for wafer proc- 
essing. 

■ As seen in Figure 2, the cassette immersing op- 
eration device comprise 'a thermometer 18 for meas- so 
uring temperature of the liquid 23; a tempereture con- 
troller for adjusting thB'li'quid 23 temperature on the 
basis of the output of the thermometer a circulation ■ 
pump 20 for controlling the quantity ; of the liquid 23 
and for circulating the temperature controlled liquid 65 
23 as well as for controlling the pressure of the liquid 
23; a filter 21 for filtering impurities of the liquid 23; 
an ultrasonic vibration device 22 which is provided to 



homogenize the liquid 23 and to prevent adhesion of 
bubbles to the surface of the wafer 2 or the second 
optical element 7; a vacuum pump 24 for providing a 
negative pressure within -the cassette to remove bub- 
bles In the liquid 23; a valve 25-1 connected to the va- 
cuum pump 24; valves 25*2 and 25-3 connected to 
the piping system of the liquid 23; a fixture element 
26for fixing the second optical element7; and a pres- 
sure gauge '27 for measuring/ the inside pressure of 
the cassette 9.* 

Figure 4 Is-a schematic-view of conveying means 
used In thls-cassette immersing operation-device. In 
Figured -denoted at 28 Is a wafer stock and denoted 
at 29 is a wafer loading hand for taking a wafer out of 
the wafer stock 28 and for movingit Into a wafer rough 
positioning device 30. Denoted at 31 is a cassette 
loading hand for taking. acassette 9- out of the cas- 
sette stock 10 and-for moving it.to a predetermined 
position; and. denoted at 32 is* a, cassette station 
which Includes a wafer chuck for fixing a wafer. 2 *nd 
a casse'tte'chuck'for f being the oassetle 9 and-for au- 
tomatically connecting pipes -and senaor9tothe cas- 
sette 9. Denoted at -33 is a mechanism for tilting the 
cassette station 32, and denoted at34 is a wafer mov- 
ing hand* for moving the positioned wafer 2 onto the 
wafer chuck 112.* 

Figure 6 tea schematic view, Illustrating the post- 
processing of the cassette 9 having been subjected 
to the exposure operation; Denoted in the drawing at 
36 Is e< post-processing station 'having a mechanism 
for unloading the irquld 23 ihiheeasseue havlngbeen 
subjected to the exposure operation. Denoted at 35 
is a cassette unloading hand for moving the cassette 
9 to the post- processing station 36, and denoted at 38 
is another hand for laking the wafer 2 out of I he cas- 
sette 9 and for*cbnveylng the sBme to a wafer stock 
28. Denoted at 39 is a hand for moving the empty cas- 
sette 9 back into the cassette stock 10. 

In the immersing operation, as shown In Figure 
4, first a wafer 2 having a photosensitive material 
coating is taken out of the wafer slock 28 by means 
of a wsfer loading hand 29, and IMe placed on a wafer 
rough positioning device 30 for rough positioning of 
the same. The thus positioned wafer 2 is moved and 
positioned on the wafer chuck of the cassette elation 
32 by means of the wafer moving hand 34. The wafer 
is then held thereon by vacuum attraction; Subse- 
quently; an empty cassette is taken out of the cas- 
sette stock 10 by means of the cassette conveying 
hand 31, and It is placed on the wafer chuck 11 2 of 
the cassette station 32. In this state, various pipes 
and sensors are coupled to the wafer chuck 112 of the 
cassette station 32 through the wafer chuck 112, for 
example. By this v the wafer 2 is positioned on the bot- 
tom of .the cassette 9. Thereafter, the mechanism 33 
is actuated to tilt the cassette 9 or hold il upright, to- 
gether with the cassette station 32. Then, the circu- 
lation pump 20 Is actuated to pump the liquid 23 Into 
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the oass2tte.9 until predetermined quantity of liquid 
is fed thereinto. Then, the pump 20 stops. 

Here,, there : !s a possibility .-that a -small air re- 
mains .inUhe upper, portlcwi of .the wafer cassette. 9. In 
consideration thereof the vacuum pump 24 is con- 
nected to such portion.. Thus, by operating the va- 
cuum pump 24 , any. air remaining in the liquid 23 can 
be removed. In that occasion, the ultrasonic vibration 
device^22 may be operated, by which small bubbles 
adhered to the inside wed of the cassette 9 or to the 
surfacejof the wafer 2 can be removed Trfts assures 
homoganization of the liquid 23 in a reduced time. Af- 
ter Che-remaining air in the-cassette 9 is removed, a 
vacuum pump, valve 25^1 incorporated in the cassette 
9 is closed, an,d the circuiatipn^pump ^O^-actuated 
again so as to fill the inside of the casseite 9 with the 
liquid 23. The Inside pressgreJ6;decrea5ed : bya small 
amount while it is monitoredby rneans-of the-pressure 
gauge; 27k.TT\e .amount 9f pressure decrease for fixa- 
tion of the : wafer 2- .on the bptjom of the cassette 9 
m.ay.be sufficiently of^n order of 0.99 - 0.80 limes the 
itmo^phefic ( prBssure^vyhen the inside pr.essure 1> be» 
comes equal to a predetermined level, the circulation 
pump 20 j6 stopped and valves 25*2 arid-25-3 provid- 
ed In respectivapipes of the cassette 9 are closed. .In 
this state, the cassette station 3? ts.rpoved back to its 
horizontal, .altitude, and the cassette haying Us. Im- 
mersing operation now completed Is moved back Into 
the cassette static.. ID by means cj ihe conveying 
hand&l: * . . , 

The above-rdeBcrlbed.operation Is repeated, and " 
the. wafer .2 Is set In the Immersed state. .Whenthls 
deviceijs jncbrp orated .into the exposure apparatus of 
Figure r1, the immersed. .cassette 9 may be directly 
conveyed onlo the wafer chuck 12 of the wafer stage 
by means of the cassette loading hand. 11-3. In that 
case, the cassette conveying device 11-1 ano" the 
cassette position detecting mechanism 11 -2 of Figure 
1 may be substituted by the cassette loading hand 31. 
a"nd. the cassette station 32. ; 

Forcollectlon of a cassette having been subject- 
ed to the exposure ope rati OHi the cassette unloading 
hand 35. is used in.place of the unloading hand 11-4 
of Figure 1, Th3tis. : lhe.casE6tte is placed on the. post- 
processing station 36 and. after Ihe. liquid 23 Is re- 
moved by means of, the liquid removing mechanism, 
. the casseite 9 is opened by using the hand 38 and the 
wafer 2 therein is take.n out of t.he cassette and is 
moved Into the wafer stock 28. The .empty cassette is 
moved back Into the cassette stock 10, by the hand 
39. 

The arrangement of Figures 2-5 may be struc- 
tured into, an independent mechanism, separate of 
the exposure apparatus of Figure 1. Also, in the de- 
scribed example, when the liquid 23 is flown into the 
cassette 9, the cassette js held Inclined or held up- 
right and the liquid is discharged into the. cassette 
from below. This is effective to avoid bubbles.remaln- 



ing Inside the cassette. Also, for removing any bub- 
bles jn the liquid, :lhe,.ultraspnic vibration device 22 
and !heyacuum ( purnp 24 are' used, .this being effec- 
tive to prevent any bubbles. from remaining Jn the liq- 
6 uid/cassette. Further, His possible .that, after the wa- 
fer 2 is unloaded from the cassette. 9. placed at the 
postprocessing station 36, an air-blow device 40 is 
. used .to dry the wafer 2. 

jo . Embodiment 2 . . 

Figure 6 is a sectional view of a. cassette chuck- 
ing portlpn'of an jmmerslon type projection exposure 
apparatus according to. a second embodiment of the 

15 . present invention. In this apparatus, a wafer chuck 
6Q1 ls.provlded In, a cassette 9, ajid.a cassette chuck 
612 .for .positioning .end holding the. cassette 9 
through.vacuum attraction is disposed on a fine mo- 
tion stage 1,4 (Figure 1) 4 in place of the wafer chuck 

20 12 of Figure i . In this example, the : cassette 9hes an 
opening/closing. mechanism 631 for_.allowjng, load- 
IngAjnloading of the wafer 2. Thus, the second optical 
element 7 is made detachable. Further, ;he cassette 
chuck 612 has positioning pins 617, for positioning 

25 the- cassette 9. which are embedded auhree loca- 
tions.,. The remaining structure , is essentially the 
same as that of the Figure 1 apparatus,. and the ex-* 
posy re operation is made similarly by using the cas- 
sette having- baeri immersed preparatorily^ 

30 

Embodiment 3 

Figure 7 is a sectional view of a cassette chuck- 
ing portion of an immersion type projection exposure 

35 apparatus according to. a third embodiment of. the 
present Invention. In this apparatus, the bottom of 
the cassette 9. provides a wafer chuck 601, such that 
-the wafer chuck$01 can be separated from the main 
portion of the cassette 9. This separability allows 

40 Joadjrjg/unlqading of a wafer 2. The remaining^lruc- 
ture Is .essentially the same es that of the Figure B ap- 
paratus. . 

Embodiment 4 

Figure 6 is a sectional view of a cassette chuck- 
ing portion of an Immersion Jype projection exposure 
apparatus according to a fourth embodiment of the 
present invention. |n this apparatus, after a cassette 

so 9 is conveyed to and held on a cassette chuck 612, 
the immersing operation is done. In Figure 8, denoted 
- at 801, is a liquid level gauge for measuring ihe level 
of liqpid 23 in the cassette 9, and denoted at B03 .is a 
measuring device for measuring the refractive Index 

55 of the liquid 23. .Denoted at 805 is a connector for 
electrically connecting the casseite ij wDh Ihe cas- 
sette chuck 612; denoted at 807 is Is e valve coupled 
to a vacuum pump 24; denoted at 601 is a. wafer chuck 
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which defines the bottom of I he cassetted 'and which 
can be separated from the main assembly of the cas- 
sette 9; denoted at'631 is*an bpenln'g/cJosins'mecrv 
anism for .separating the wafer churjk 601 'for unload- 
ing/loading the WeV2/Lik'enumera]s/as of those of 
the preceding drawings are assigned to" similar ele- 
ments:- - 

In the structure of this embodiment, the cassette 
9 is conveyed onto I he cassette- chuck 612 in a similar 
manner as of the embodiment of Figure 1; and it is 
positioned and held fixed through vacuum attraction. 
In response,- the cassette '9 -and the rasseite chuck 
612 are coupled to each other. At the same time, va- 
rious sensors and pipes from a vacuum pump-24, a 
circulation pump 20and so on aVe automatically con- 
nected" to the- cassette. The Uquid 23 for Immersion 
havingits temperature control! ed ; by a temperature 
controller 1.9 id'pumped by ihe'ctrculatloh^pump'into 
the cassette 9'through a filter 21 . When" the liquid 23 
of e predetermined quantity Is fed, this is detected by 
tfie'liquid'leyel gauge 601 and the pump 20 is stop- 
peB; ' ■ 

' Subsequently, the vacuum pump 24' coupled to a 
portion adjacent to the top of the cassette 9 Is actu^ 
ated to rerfcov'e bubbles In the liquid 23. Simultane- 
ously, an ultrasonic vibration device 22 is actuated to 
remove* bubbles iri the liquid' 23; bubbles adhered to 
the wafer 2 surface: and bubbles adhered to the sur- 
face of the second optical element 7. Such ultrasonic 
vibration is effective also for homogenization of the 
liquid 23 Itself, Since the amplitude of Vibration is so 
small ami the frequency is high, it does not affect the 
wafer -positioning or wafer exposure. 

After the bubbles are removed, the vacuum 
pump 24 is slapped and the valve 8? is dosed. Also, 
the" pressurizing and 'circulating pump 20 Is' actuated 
to'starl presentation of the liquid 23. When a pres- 
sure-gauge 27 detects the 'attainment of a predeter- 
mined pressure, continuous monitoring of the temper- 
ature; of Lheliqu'id 23 through a thermometer 18 
startsMf the temperature shifts from a predeter- 
mined temperature, the pressurizing and circulating 
pump 20 is actuated again to circulate liquid 23 of con- 
stant temperature. Here, the circulation of liquid 23 
produces flow motipn of the same, and it disturbs the 
homogeneity of the iiquld 23. In consideration there- 
of, the ref tactometer 803 Is used measure the homo- 
geneity of tha liquid. The exposure operation is 'done 
after the homogeneity 'is checked: 

The exposure operat ion is done In a similar man* 
ner as described. In order to prevent any effect of mo- 
tion of the liquid 23 resulting from step-and-repeat 
motion, a delay time may be set after the stepwise 
motion for each shot Alternatively, the state" of flow 
motion may be measured by using the refractometer 
803, and I he' sequence may' be continued after the 
liquid motion stops. Further, the pressure of the liquid 
23 may boused to enhance the function of the wafer 



chuck 601 Tor correcting flatness of the : wafer 2. 

After the exposure operation is completed, the 
circulatforVpump 20 Is actuated to discharge the liquid 
23 out of the cassette. Then.- the shutter Inside the 
5 wafer chuck 601 is closed and; after this, tha cassette 
9 is moved back into the stock 10. By .this, the expos- 
ure process of one waferte- completed. 

Embodiment 5' - • 

Figure 9'.is a schematic view of a structure which 
is adapted to add an immersing operation device of 
a fifth embodiment of thti present Invention, to an ex- 
posure apparatus! This structure is applicable to*the 

«s arrangement of Figure 6 or 7 wherein a cassette of 
wafer accommodation** ype is used.'Thlsexample dif- 
fers from th6 Flgu're ^'dmbodirheritin the points that 
a cassette hand 90i having fa cassette opening/dos- 
ing mecha'nismls used In place of the cassette-hand 

20 31, that a cassette" chuck^OSlsused.in place of the 
wafer chuck 112* arid* that the : hand is arranged to 

* move a waferlnto a cassette 9-held on the cassette 
chuck 903. *' • - ' "-' ' 

With this arrangement, for immersion, first an 

25 * ' empty cassette is taken out of a cassette stock 10 by 
means of the cassette hand 901, and "It is placed on 
the cassette chuck- 903.' In this stater various pipes 
and sensors' are connected to the* cassette/as Ih'the 
case of Figure' 8.' Simultaneously, the cassette" 9 is 

so opened by means of the opening/closing mechanism, 
arid a wafer 2 having a photosensitive material coat- 
ing Is taken out of a wafer 'stock 28 by means of the 
hand 29." The wafer is then placed on a wafer rough 
positioning, mechanism '30, and rough positioning of 

33 the same is done. The thus' positioned wafer is then 
placed and positioned on the wafer chuck In the cas- 
sette 9 by means of the hand 34, and it is held fixed 
through vacuum attraction. -Subsequently, the cas- 
setted Is closed by the cassette hand 901 and it is 

40 locked. After this, the cassette 9'ls tilted or held up- 
right together with the cassette station* 32. There- 
after, the liquid 23 Is fed into the cassette 9 : in a sim- 
ilar manner as-described, and bubbles In the liquid 23 
are removed. Then', the liquid is pressurised".- After a 

as predetermined' pressure Is attained, the circulation 
pump is stopped*, and the valves In the pipes Incorpo- 
rated into the cassette are 'closed. Then, the cassette 
station 32 Is moved back to its horteorilal attitude, 

* arid the cassette 9 having ils immersing operation 
60 completed 1 is moved "back Into the cassette stock 10 

by means of the cassette hand 901. 

Also in this example, the device can be Incorpo- 
rated Into the exposure apparatus of Figure 1 in a 
similar manner as has been described wllh reference 
55 lo Figure 4. Further, the post-processlngaf ter the ex- 
posure operation may be done in a similar manner as 
has been described with reference to Figure 5. 

While I he invention has been described wllh ref- 
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erence lo the structures disclosed hers in. It Is not 
confined to the details set forth arid this application 
is intended to coversuch modifications or changes as 
may come within the purposes of -the improvements 
or the scope of the following claims.- - 



Claims 

1. A projection exposure apparatus, comprising: 

, illumination means for illuminating a pat- 
tern of an original: 

holding means for holding a substrate; 

a projection optical system for projecting 
an image of the pattern of the original onto the 
substrate held by said holding means, said pro- 
jection optica] system Including a plane optical 
element spaced from said projection optica) sys- 
tem and being disposed to ba opposed to the sur- 
face of the substrate; and 

a casing effective tot ill the interspace be- 
tween said optical element and the substrate op- 
posed to each other; 

wherein said optical element provides an 
upper cover of said casing. 

2. An apparatus according to Claim 1 , further com- 
prising an alignment measuring system for der 
tecting the positional relationship between the 
substrate and Khe image projected by said projec- 
tion optical system with respect to a horizontal di- 
rection, a focus position detecting system far de- 
tecting the positional relationship between the 
substrate arid the focus position of said projec- 
tion optical system with respect to a vertical di- 
rection, and tilt means for moving and/or tilling 
said holding means in X Y and/or 6 direction on 
the basis of the detection through said alignment 
measuring system and the focus position detect- 
ing system so as to bring a pattern on the sub- 
strate into coincidence with the projected image. 

3. An apparatus according to Claim 1, further com- 
prising conveying means for loading and unload- 
ing said casing onto and from said holding 
means. 

4. An apparatus according to Claim 3> furl her com- 
. prising means for executing tha filling of the In- 
terspace with the liquid, upon said holding 
means. 

5. An apparatus according to Claim 3, further com- 
prising means for executing the filling of the in- 

- terspace with the liquid, at a position spaced 
from said holding means. 

6. An apparatus according to Claim 3, wherein the 



substrate provides a bottom of said casing. 

7. An apparatus according lo Claim. 1 , wherein said 
holding means includes aportlon for directly sup- 
5 porting the substrate, which portion Is separated 
from said holding means, and wherein said por- 
tion provides a bottom of said casing while the re- 
maining portion of said holding means holds eaid 
casing. 

10 

- 8. An apparatus according. to Claim 6, wherein the 
substrate, Is detachable -from said casing. 

9. An apparatus according to Claim 1 , wherein said 
15 casing is arranged to provide .one of a positive 

pressure and a negative .pressure in the inter- 
. space. . * \ . 

10.. An apparatus according to Claim 1, wrmrein a 
20 portipn of said casing Is made' Of a low thermal 

expansion material. ; 

11. An apparatus according to Claim- 1, wherein a 
portion of .the outer wall of said casing is covered 

25 by a heat insulating material. 

12. An apparatus according to Claim 2, wherein said 
alignment measuring system Includes a meas- 
urement reference mirror, wherein at least two 

30 adjoining facesof theouter wall of said casing ex- 
tend perpendicularly u>. each other.. and wherein 
said at least two faces extend substantially per- 
pendicularly to the surface of the Substrate 
whereby said reference mirror is provided by said 

35 at least two faces. 

, 13. An apparatus according Ip Claim .1, wherein said 
optical element is detBcheble from said casing. 

40 14. An- apparatus according to Claim 1< wherein said 
casing includes pipe, means with a valve, for in- 
jection and discharging of the liquid into and out 
of said closed space. \ 

4$ 15. An apparatus according lo Claim 1, wherein said 
casing has a reference mark to be used for plac- 
ing the same on said folding means. 

1 6, An apparatus according lo Claim 1 ,.f urlher com- 
50 prising a pressure gauga for detecting the pres- 
sure Of the filling liquid. 

17, An apparatus according lo Claim 1, further com- 
prising pressure control means for controlling the 

55 pressure of the filling liquid. 

1 8> An apparatus according to Claim 1, further com- 
. prising a vacuum pump for providing a negative 
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pressure of the filling liquid; cuum communication to said casing. 

19. An apparatus according to Claim 1, further con> 31. An apparatus according to Claim 1, further com- 
prising a thermometerfor measuring the tamper- prising means for measuring the refractive index 
ature of the filling liquid s of the filling material 

20. An apparatus according to-Claim 1, further com- 
prising temperature controlling means for con- 
trolling the temperature of the filling-liquid. 

10 

21. An apparatus according to Claim 1 , further com- 
. prising ultrasonic vibration means' for vibrating 

the filling liquid with ultrasonics. 

22. An apparatus according to Claim 1, further com- 16 
prising a pump for Injecting and discharging the 
liquid into and out of the closed space. . 



23. An apparatus according to Claim 22/ further 
comprising filtering means coupled to said pump, 20 
for filtering the liquid. 

24. An apparatus according to Claim 1,.f urther com- 
prising attitude control means for tilting or hold- 
ing said casing upright, wherein during injeclion 25 
of the liquid into the dosed space said casing Is 
-tilted or held upright so that the liquid is injected 
thereinto from below: 

25. An apparatus according to Claim 5, wherein the SO 
Injection of the liquid into the closed space and 

the exposure operation are done at Independent 
timings. 

26. An apparatus according to Clal m 1 . wherein said 35 
casing Is openable and closable so as to allow 
loading and unloading of the substrate inlo and 

out of the ireide of said casing. 



27. An apparatus according to Claim 7, wherein said 40 
holding means includes a passageway for hold- 
ing the substrate through vacuum attraction, and 

an openable/closable shutlerfpr preventing flow 
of the liquid into said passageway. 

28. An apparatus sccording to Claim 1, further com- 
prising measuring means provided in said casing, 
for measuring any non-uniformness of illumi- 
nance during the exposure operation. 

$0 

29. An apparatus according to Claim 7, wherein said 
casing has a member operable as a reference in 
respect to the positioning on another portion of 
said holding means. 

55 

30. An apparatus according fo Claim 1, further com- 
prising means for providing at least one of electric- 
connection, pneumatic communication and va- 
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